Revision of the official test method for the determination of the tuberculocidal activity of disinfectants is being undertaken. The current procedure lacks precision and accuracy and is not quantitative. Variability associated with carriers and the lack of temperature control were evaluated in this paper. Since 1966, the tuberculocidal efficacy of disinfectants has been determined by a method published in Official Methods ofAnalysis, by the Association of Official Analytical Chemists (AOAC) (2). The AOAC test method has been criticized because of a lack of reproducibility. The method is described as being "reasonably accurate" (5) and as providing a "reasonable degree" of precision (4). In a collaborative study to verify the precision of the method, only 50%o of the reporting laboratories were in agreement, yet the method was recommended for adoption (6 
Since 1966, the tuberculocidal efficacy of disinfectants has been determined by a method published in Official Methods ofAnalysis, by the Association of Official Analytical Chemists (AOAC) (2) . The AOAC test method has been criticized because of a lack of reproducibility. The method is described as being "reasonably accurate" (5) and as providing a "reasonable degree" of precision (4) . In a collaborative study to verify the precision of the method, only 50%o of the reporting laboratories were in agreement, yet the method was recommended for adoption (6) .
From 1977 through 1982, inconsistent results were obtained with the standard AOAC test when commercial disinfectants were used as controls. This led to a recognition that the standard AOAC test was inadequate and to a concern that the standard test might show a product to be very active when in fact it was not. One problem associated with the test method may be temperature related. The accuracy of temperature is important because of the sensitivity of the action of disinfectants to temperature (3) .
One of the parameters that was shown to increase the degree of variability was the carrier used for transferring bacteria from the test solution to the subculture medium. The current method requires the use of a porcelain carrier (outer diameter, 8 1 mm; inner diameter, ca. 6 mm; length, 10 ± 1 mm). This type of carrier provides a more difficult challenge to the test solution than the stainless steel carriers used in the AOAC use-dilution test method (2) . To Killing experiments. M. bovis BCG (1 ml) was added to alkaline glutaraldehyde (pH 8.0) in a temperature-controlled water bath. At various times, 1.5 ml of test suspension was added to 1.5 ml of sodium bisulfite (NaHSO3/glutaraldehyde, 2.2:1). Appropriate dilutions were made with saline solution, and 1-ml samples of the dilutions were filtered through 0.45-,um membrane filters. The filters were cultured as described above. In temperature-controlled experiments, the temperature was monitored with American Society for Testing and Materials extreme-precision thermometers (Marshalltown Instruments, Mashalltown, Iowa).
RESULTS AND DISCUSSION Porcelain carriers were contaminated with M. bovis BCG cells (1.24 x 107 CFU/ml) in the presence or absence of 10% horse serum. The data indicate a high degree of variability inherent in this procedure ( Table 1 ). The presence of horse serum (used to aid attachment) increased the total number of cells attached to the carrier by 40% and decreased the variability, as demonstrated by the lower standard deviation and by the smaller range of the data. Test results can be affected by the inherent variability in this part of the test procedure, since the time required for complete killing of the organisms is directly related to the starting dosage, and a difference of as little as 0.5 on the log1o scale makes a significant difference in the time required for complete killing (Fig. 1 ). This can explain why, in a test with 10 carriers that is repeated several times, the results are very different, with data showing complete pass, complete fail, or any range of partial failures.
When a carrier is placed in the test solution, many organisms are washed into the test solution. After a 10-min exposure, the carrier may have few, if any, viable organisms attached when transferred to the recovery medium. However, the test solution may, and often does, contain viable cells. The data in Tables 2 and 3 indicate the degree to which the cells were washed from porcelain carriers and stainless steel carriers, respectively. In both instances the average number of cells found in the test solutions was greater than the average number of cells remaining attached to the carriers. More viable cells were removed from the stainless steel carriers than from the porcelain carriers. This may be due to the smooth surface of the stainless steel carrier. percentage of the cells is not accounted for after exposure to the disinfectant. The physical removal of cells from the carrier surface may be part of the disinfection process; however, viable organisms that remain in the disinfectant can be a source of cross-contamination of patients. Results from extensive work in our laboratory indicate that data obtained with the AOAC tuberculocidal test method, which uses porcelain carriers, can be misleading (unpublished data). This can lead to erroneous labeling on products.
Drying time was examined as a means of attaching cells to carriers more firmly and possibly reducing the numbers of organisms removed from the carriers during exposure to the test solutions. The present method requires drying at 37°C for 20 to 60 min. When the carriers were dried for 30 or 60 min, little difference was noted in the numbers of organisms washed into the test solutions. Drying of the carriers in a dessicator for 30 min is not useful in strengthening the attachment of cells to the carriers, since the drying effect reduces the number of viable M. bovis BCG cells on the carriers.
Within the confines of the present test method, there is little that one can do to ensure that each carrier used has a constant number of organisms attached to it (with some known variation). As can be seen from our data, the variation involved is tremendous, even by biological standards, which usually accept variations of 5 to 10% as normal variability in the population. When porcelain carriers contaminated with spores were soaked in saline for 10 or 60 min, the distribution of spores was similar to the distribution of M. bovis BCG cells in that the majority of the organisms were found in the test solution (Table 4 ). The total number of spores found after 10 min of exposure was 17% less than the total number of spores found after 60 min of exposure. This difference is not statistically significant at the P = 0.1 level; therefore, the (3) . Data indicate that a change as little as 1°C affected the activity of disinfectants (Fig. 2) . A similar temperature dependence was also found with phenol (data not shown). Because the definition of room temperature is not exact (i.e., it can be 20 to 25°C), the testing of disinfectants at "room temperature" can lead to a variety of results. Thermometers used routinely for testing may be up to 1C in error and still be considered within the limits of tolerance established by the American Society for Testing and Materials (1). However, commercially available thermometers can have as much as a 3°C difference in reading when immersed in a solution of the same temperature (8) . As shown in Fig. 2, a 3°C 
